This study aimed to better understand the current situation of risk assessment and identify the factors associated with competence of emergency responders in public health risk assessment. The participants were selected by a multi-stage, stratified cluster sampling method in Heilongjiang Centers for Disease Control and Prevention (CDC). The questionnaires that measured their perceptions on risk assessment competences were administered through the face-to-face survey. A final sample of 1889 staff was obtained. Of this sample, 78.6% of respondents rated their own risk assessment competences as "relatively low", contrasting with 21.4% rated as "relatively high". Most of the respondents (62.7%) did not participate in any risk assessment work. Only 13.7% and 42.7% of respondents reported participating in risk assessment training and were familiar with risk assessment tools. There existed statistical significance between risk assessment-related characteristics of respondents and their self-rated competences scores. Financial support from the government and administrative attention were regarded as the important factors contributing to risk assessment competences of CDC responders. Higher attention should be given to risk assessment training and enhancing the availability of surveillance data. Continuous efforts should be made to remove the financial and technical obstacles to improve the competences of risk assessment for public health emergency responders.
Introduction
Following the landmark events of the Severe Acute Respiratory Syndromes (SARS) outbreak, the rapid expansion of H1N1 worldwide, as well as frequent emergencies occurring in last decade, the international community has been brought into a high-risk society threatened by public health emergencies. Risk assessment serves as an effective skill of health emergency response professionals, and has gained more and more attention globally [1] . The advantage of risk assessment skills of public health emergency responders lies in the ability to identify and describe future events that can be mitigated or prevented by long-term and strategic risk reduction measures [2] . In 2014, the epidemic of Ebola virus disease (EVD) in West Africa brought a great disaster to the world and caused irreparable loss, partly due to the lack of local risk management mechanisms and sufficient risk preparedness [3] . By contrast, a series of preventive measures such as assessing the potential risk of Ebola virus importation from West Africa into China and promptly making a risk preparedness plan and taking various preventive measures were implemented by the Chinese government, which, at the most, prevented EVD from being imported and causing an outbreak in China [4] .
Public health emergency risk assessment is a systematic process of defining and describing hazards by characterizing their probability, frequency, and severity, as well as evaluating adverse consequences [5] . It evaluates the risk of public health emergencies through risk identification, risk analysis, and risk evaluation, and also makes risk management suggestions [6] . Many developed countries such as U.S., Germany, Australia, and other countries regard risk assessment as the key link to deal with public health emergencies and have formed a set of mature operation processes and risk management systems [7] [8] [9] . Since the SARS epidemic, China has established a direct reporting system for a nationwide information network of infectious diseases. Within this system, primary care institutions and hospitals are all required to report two types of Class A infectious diseases, 26 types of Class B and 11 types of class C infectious diseases to local Centers for disease control and prevention (CDCs); after verification, local CDCs are required to submit such instances to the national CDC. The Chinese government has become increasingly aware of the importance of risk management for public health emergencies [10] . Regulation of public health emergencies risk assessment, issued by Ministry of Health in 2012, provided mandatory requirements that Centers for disease control and prevention (CDCs) are responsible for the event of public health risk surveillance and assessment [6] . Additionally, the Chinese government also has shifted the focus from a passive public health emergency response to a more proactive, earlier stage risk management. Therefore, public health professionals working in CDCs have become the forefront implementers of risk assessment, and their competencies in risk assessment has important bearing on the prevention and control of public health emergencies [11] . To better understand the current situation of public health risk assessment in China, this study, from the perspective of self-rated competences by professional staff of CDCs, aimed to find out the needs of the public health emergency responders and to explore factors associated with risk assessment competences, which can provide evidence on how China may better improve its public health emergency management system.
Methods

Study Population and Data Collection
A face-to-face survey was carried out by researchers from the department of Social Medicine of Harbin Medical University in Heilongjiang province. Heilongjiang is a province located in northeast China with 13 jurisdictional regions and 174 CDC agencies with a total of 5450 professionals, according to the data from the health statistics yearbook of Heilongjiang province in 2011 [12] . Between 2004 and 2012, Heilongjiang reported 12,587 epidemic cases and 55 related deaths. These public health emergencies put a huge burden on the development of the local regions [13] . This made the local government fully realized that the most cost-effective intervention of public emergencies would be to prioritize risk management, which also answered the urgent call from the central government to strengthen public health risk assessment.
A pilot study was conducted with 20 public health emergency responders prior to the formal survey, in order to test the research design. Then, two focus groups were organized with 10 participants for each group from four local CDCs. First, they were invited to fill out the questionnaires by themselves, and then their comments and opinions were solicited relating to the appropriateness of the questionnaire design, as well as any improper questions and answers. Afterwards, some necessary adjustments were made in light of the responses.
The full-scale research survey was then conducted. A stratified cluster sampling method was adopted. The study included all 13 municipalities in Heilongjiang and two to four counties of each municipality at random, in consideration of the geographical and jurisdictional diversity. Meanwhile, we asked for CDC administrators' willingness to take part in this survey for further cooperation and support. Finally, 40 CDCs were sampled. All employees of the 40 CDCs were invited to participate in the survey, except for the non-professional staff, and the structured questionnaires were administered through face-to-face surveys. Quality control was implemented by supervisors throughout the study. The study protocol was reviewed and approved by the Research Ethics Committee of Harbin Medical University. All participants gave written, informed consent. In total, 1889 individuals completed the questionnaire.
Variables
The survey questionnaire involved basic demographic information, the participants' perceived competences of risk assessment, the experience of participation in risk assessment in public health emergencies, the degree of familiarity with risk assessment tools and methods, and the factors associated with risk assessment competence of public health emergency responders. The question 'How would you rate your risk assessment competence?' was identified as the dependent variable to measure self-rated risk assessment competence from public health emergency responders. Responses were rated on an ordinal scale (1 = 'very poor', 2 = 'poor', 3 = 'neither poor nor good', 4 = 'good', 5 = 'very good'). Because the distribution of the dependent variable showed a slightly negative skew with a mean of 2.51 and a median of 3, the responses were grouped into two categories with a midpoint of 3: 'low competence' and 'high competence' (the first three items were grouped as 'low competence' and the latter two were grouped as 'high competence').
Independent variables included demographic information such as gender, age, education background, professional title, and work experience. Participants were asked to rate their own mastery of key techniques required throughout the whole process of risk evaluation from the following questions: 'How proficient are you in making a risk assessment plan? How proficient are you in local public health risk identification? How proficient are you in risk analysis? How proficient are you in risk evaluation? How proficient are you in risk treating? How proficient are you in risk assessment report writing?' Responses were rated on an ordinal scale from 1 to 5 (1 = 'not at all proficient', 2 = 'slightly proficient', 3 = 'moderately proficient', 4 = 'very proficient', 5 = 'extremely proficient'). All the respondents were asked what (if any) risk assessment work they had participated in. Meanwhile, the respondents were asked how familiar they were with the following risk assessment tools and methods: likelihood analysis, consequence analysis, expert judgment, risk matrix, vulnerability analysis, and risk assessment software, which were recommended by the World Health Organization (WHO) in regular risk assessment. As for the factors associated with risk assessment competence, the respondents scored the importance from 1 to 5, including financial support, risk assessment tools, senior leaders' attention, authority requirements, severity of historical emergency events, risk assessment staffing, risk assessment techniques, frequency of occurred emergencies, risk assessment training and drill, and availability of surveillance data.
Statistical Analysis
Descriptive statistics were calculated to describe the demographic characteristics. The variables that demonstrated statistical significance (p < 0.05) by the bivariate analysis were analyzed by the multivariate logistic regression to predict the outcome of the self-rated risk assessment competence of public health emergency responders. Odds Ratio (OR) and their 95% Confidence Interval (CI) were estimated to assess the relationship between the predictors and the outcome variable. All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0. (IBM Corp, Armonk, NY, USA).
Results
The Perceived Competencies of Risk Assessment with Characteristics of Study Participants
Of the 1889 CDC respondents (Table 1) , 41.1% were male and 58.9% were female. About half of the respondents (51.5%) were more than 40 years of age, and the majority (54.3%) had worked less than 15 years. Further, 46.0% of respondents reported having college or graduate qualifications. Only 20% of respondents had senior professional titles. Of the study sample, 78.6% rated their own risk assessment competence as "relatively low", contrasting with 21.4% rated as "relatively high". Except for education background, there existed significant differences in all sociodemographic characteristics on the self-rated general competence. Those who were senior employees, with a higher professional title, with public health risk assessment experience, trained in risk assessment and familiar with risk assessment tools, tended to have a relatively higher self-assessment. Multivariate analysis results showed that there were statistically significant correlations between risk assessment-related characteristics and perceived competencies ( Table 2) . 
The Perceived Competience in Key Processes of Risk Assessment
Associations calculated indicated that there existed great differences between CDC respondents with risk assessment-related characteristics and the self-rated scores of key processes of risk assessment (Table 3) . Respondents with training experience in risk assessment had the highest score in all of the six risk assessment processes, and those who were unfamiliar with risk assessment tools had the lowest score. Among those with increased age, length of employment, and promotion in title, the self-rated competence scores of respondents in risk assessment tended to be relatively high. In comparison, respondents had higher scores in risk identification and lower scores in making risk assessment plans. Although there was no statistically significant correlation between individual education background and the competence scores in the other five risk assessment processes, better educated respondents showed relatively high competence in risk assessment report writing. 
Assessment on Different Public Health Risks
Overall, the risk assessment work in public health emergencies in CDCs was not carried out well. Most of the respondents (62.7%) did not participate in any risk assessment work. As shown in Figure 1 , of 705 respondents who had ever undertaken risk assessment, 57.6% was related to infectious disease risks and 42.4% was related to food poisoning risks. Mass vaccination and drug response-related risk assessment accounted for 20.9%. The remaining proportions of assessment covered public health risks arising from events assurance, unknown disease, natural disaster, environmental pollution, and occupational poisoning were less than 20%. Medical resuscitation-related risk assessment was at the lowest proportion (5.4%). 
Respondents' Familiarity with Risk Assessment Tools and Methods
42
.7% of CDC respondents reported that they were familiar with risk assessment tools which were recommended by the WHO in regular risk assessment. Among these tools and risk assessment methods, likelihood analysis was well known to 71% of respondents, followed by consequence analysis with 57.2% of respondents. 54.6% were familiarized with expert judgment in risk analysis. Only 19.1% and 16.1% of respondents were familiar with risk matrix and vulnerability analysis (See Figure 2) . In addition, 31.3% of respondents indicated that they were proficient in the use of risk assessment software. 
Perceived Factors Associated with Risk Assessment Competences by Respondents
The respondents considered that there existed several factors associated with their risk assessment competencies (Figure 3 ). Financial support from the government was regarded as the most important factor, with the score of 4.40 ± 0.96, followed by the factor of administrators' attention (4.27 ± 1.00). The scores of specialized training and risk assessment drills and availability of surveillance data were also more than 4.1. The other three factors including risk assessment technique, tools and methods, and workers, had the scores of 4.0. The severity of historical emergency events was deemed as a limited impact on risk assessment with the score of 3.76 ± 1.18. 
Respondents' Familiarity with Risk Assessment Tools and Methods
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Perceived Factors Associated with Risk Assessment Competences by Respondents
Discussion
A major goal of the present study was to understand the competence of CDC respondents to carry out risk assessment and examine the associations between self-rated competence scores and characteristics of study participants including demographics and risk assessment-related issues, in order to further explore perceived factors that impact the risk assessment competencies of respondents, which may be instructive for the promotion of local public health emergencies management. These results are discussed along, with the limitations of the study.
The Weak Competencies of Risk Assessment Perceived by Participants in Public Health Emergencies
This study found that 78.6% of CDC respondents rated their own risk assessment competence as "relatively low", contrasting with 21.4% rated as "relatively high", with the average score of 2.51 out of a maximum of 5. Instead of the overestimation of self-assessment [14] , the weak competence exhibited by the sampled province tended to be much more believable, which also consistent with the results of previous studies from other regions in China [15] [16] [17] . Ever since Regulation of public health emergencies risk assessment was issued by the Ministry of Health, public health risks assessment was required to be undertaken periodically. CDC respondents still lack adequate awareness of their own responsibility related to risk assessment. Further competency analysis of the six key processes of risk assessment showed that making risk assessment plans and writing reports had the lowest scores. The majority of CDC respondents held the idea that assessment plans should be made by the most responsible person; risk assessment reports should be written by a specially-assigned person as well. These tasks were considered outside of their responsibilities, and therefore the corresponding competencies were unnecessary. By contrast, the respondents' competence of risk identification had the highest score. Risk identification is the critical first step of the risk management process, and respondents with risk assessment-related characteristics presented better abilities. In addition, those who were familiar with assessment tools could undertake risk analysis rather well. Moreover, with experience in risk assessment, more and more CDC respondents could carry out risk evaluation and risk treatment.
Significant Associations Between Risk Assessment-Related Characteristics of Respondents and Their Competence Score
Whether the respondents carried out risk assessment or not was a significant variable to their perceived competence. The results found that many respondents were not involved in risk assessment work. After the outbreak of SARS, China had set up independent health emergency departments and initiated a series of programs to strengthen the emergency system's resilience to public health emergencies [18] . However, risk assessment work was still in its infancy. This showed 
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The Weak Competencies of Risk Assessment Perceived by Participants in Public Health Emergencies
Significant Associations Between Risk Assessment-Related Characteristics of Respondents and Their Competence Score
Whether the respondents carried out risk assessment or not was a significant variable to their perceived competence. The results found that many respondents were not involved in risk assessment work. After the outbreak of SARS, China had set up independent health emergency departments and initiated a series of programs to strengthen the emergency system's resilience to public health emergencies [18] . However, risk assessment work was still in its infancy. This showed that CDC respondents were to a large extent unaware of relevant theory and practice [19] . Nevertheless, the already launched risk assessment in Heilongjiang CDC covered various kinds of risks, from infectious disease risk at most to medical resuscitation risk at least, which was in accordance with the regular work in CDCs [20] .
In addition, there existed a statistically significant correlation between the respondents' familiarity with risk assessment tools and methods and their competence scores. Risk assessment tools helped CDC respondents assess and prioritize risk interventions based on the impact and the likelihood of the risk occurring [2] . With lower familiarity rate of 42.7%, CDC respondents need to strengthen the use and study of risk assessment tools according to national CDC technical guidance. Although they showed relatively high familiarity with analysis tools on likelihood, consequence of risk, and expert judgment, the most important and valuable tools of risk matrix and vulnerability analysis were less understood by CDC respondents in risk assessment. To address this issue, providing risk assessment training is an effective approach [21] .
The results found that training was a key element for risk assessment competence in public health emergency responders. Through training, CDC respondents can understand key practical risk assessment techniques to identify hazards and evaluate risk, to know how to implement monitoring, and to know when and how to perform the review process [22] . However, only 259 out of 1889 respondents had participated in risk assessment training. Therefore, there is an urgent need to strengthen risk assessment training among CDC respondents, especially for those with junior positions, lower professional titles, and lack of public health risk assessment experience. It is necessary to establish a long-term mechanism for risk assessment training and to push forward training systematically [23] .
The Contributory Factors to Risk Assessment Competencies of Public Health Emergency Responders
Financial support from the government was regarded as the most important factor that influenced the risk assessment competence of public health emergency responders. In China, CDCs usually receive a fixed budget from the local government. New task requirements from the central government might not necessarily be transferred into increased local government funding to CDCs, especially in provinces that face economic challenges. Sound risk assessment requires a great effort in risk-related information collection, surveying, and risk identification, as well as analysis on vulnerability at individual, organizational and systematic levels. Moreover, conducting risk evaluation and control also requires additional government input. Without sufficient government investment, risk assessment will only end with useless paperwork, which in turn will also demotivate the enthusiasm of CDC staff for improving their risk assessment skills [24] .
Administrators' attention was deemed as another important factor for the respondents' competence to undertake risk assessment. Encouragement and attention from chief executives of health administrative departments or CDCs can effectively improve the performance of employees [25] , which is different from work requirements and risk assessment techniques, especially in the current context of the administrative management system in China.
In addition, the availability of risk surveillance data was perceived as the other factor impacting the risk assessment competence of public health emergency responders. Data monitored and collected timely by the respondents was premier to risk assessment [26] . According to abnormal changes in risk data under surveillance, CDC respondents can effectively detect early signs of public health risks as soon as possible and put forward relevant suggestions [27] .
This study has several limitations. The terminology and some questions associated with risk assessment may have caused unclear and vague responses from some participants, especially among those who lacked experience in risk assessment. However, the face-to-face survey made by trained surveyors minimized this potential bias. Due to limited resources, the survey was conducted only in Heilongjiang province; therefore, these findings cannot be generalized to other regions in China.
Further studies are needed to develop a more comprehensive evaluation tool and enhance the risk assessment competence of public health emergency responders.
Conclusions
CDC respondents in Heilongjiang province revealed their own incompetence in risk assessment. Lack of experience in risk assessment, inadequate training, and little familiarity with risk assessment tools all had a significant impact on the weak competencies of CDC employees. Government financial support and administrative attention was regarded as the important factors contributing to the risk assessment competences of CDC responders. Higher attention should also be given to the availability of surveillance data. Strengthening risk assessment training, especially in the use of risk assessment tools and detailed operation of six key risk assessment processes, could be an effective approach to address these technical issues. Continuous efforts should be made to remove the financial and technical obstacles in order to improve the risk assessment competence of public health emergency responders.
